Conversion Factors and Datums
Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:
°C=(°F-32)/1. 
Introduction
The Blackberry Creek watershed is a 68.1 mi 2 primarily agricultural watershed, approximately 40 mi west of metropolitan Chicago. The Kendall County part of the Blackberry Creek (approximately 10.6 mi 2 ) starts near the county boundary with Kane County at US Route 30 and extends to the confluence with the Fox River ( fig. 1 ). The Kendall County part of the watershed extends approximately 12.0 river miles.
Urban development has increased in the watershed during the past few decades, with appreciable residential and commercial lands spreading out within the jurisdiction of United City of Yorkville, Village of Montgomery, Kendall County, and in the eastern part near Aurora and various other sections of the creek. The Blackberry Creek Watershed Resources Planning Committee projected that population and urbanized land are expected to double by 2020 (Blackberry Creek Watershed Resources Planning Committee, 1999) .
Urbanization could cause adverse effects such as increasing flood peak volume and magnitude, as well as pollutants carried by urban runoff. For the Blackberry Creek watershed, flooding and associated damages have increased during the last three decades. Significant flood damage occurred during the storms of July 1983, July 1996, and February 1997. The storm of July 17-18, 1996, in particular, caused disastrous flood damage to many watershed locations, with more than 1,000 homes affected and more than $13 million in damage (Blackberry Creek Watershed Resource Planning Committee, 1999) . The Blackberry Creek Watershed Resource Planning Committee was formed in 1996 to address the effects of urban development on flooding, in-stream biota, and pollutant loadings, and the need for information and scientific tools for resource protection in watershed planning and management. This committee drafted the Blackberry Creek Watershed Management Plan (Blackberry Creek Watershed Resources Planning Committee, 1999) . One of the key recommendations in the plan was to update the available hydrologic and hydraulic models and the flood-hazard maps for the Blackberry Creek watershed.
In response to the information needs expressed in the management plan-hydrologic, hydraulic, and flood-hazard analyses-in 2004 the U.S. Geological Survey (USGS), in cooperation with the United City of Yorkville, Kendall County, Village of Montgomery, Illinois Department of Natural Resources-Office of Water Resources (IDNR-OWR), and Federal Emergency Management Agency (FEMA), began a study of the watershed. The USGS is using a continuous hydrologic simulation/flood-frequency approach to generate the flood-peak streamflows used in the hydraulic model. This study demonstrates the successful application of this approach with the goal of promoting the use of this advanced technique for flood-hazard studies in other watersheds.
Purpose and Scope
This report describes the pro cedures used in developing hydrologic and hydraulic models, and estimating flood-peak magnitudes and recurrence intervals used for flood-hazard analysis. The report includes detailed flood-hazard maps on digi tal orthophoto quadrangles (DOQs) of the watershed, as well as flood-frequency estimates for the watershed and subwatersheds.
To address the flood-hazard analysis on the water shed scale, the entire watershed (the main stem as well as seven tributaries of Blackberry Creek in Kane and Kendall Counties) was included in the hydrologic analyses. The flood-frequency, hydraulic, and flood-hazard analysis for the Kane County part of the watershed was documented in Soong and others (2005) and is not included in this report.
Previous Studies
Effective peak-flood discharges for Blackberry Creek (Federal Emergency Management Agency, 2002) for two locations in Kendall County were determined in 1976 using a U.S. Department of Agriculture (USDA) Technical Report 20 hydrologic model (TR-20, USDA, 1992) . These numbers were determined to be outdated by comparing them to the flood frequencies (Soong and others, 2004 ) estimated using data from the U.S. Geological Survey's streamflow-gaging station near Yorkville (station 05551700, fig. 1 ).
A flood-hazard study of the Blackberry Creek watershed in Kane County, Illinois, has been completed by the USGS and Kane County Division of Environmental and Building Management (KCDEM) (Soong and others, 2005) . The 100-and 500-year flood plain and 100-year floodway maps were generated for the determination of flood hazard areas in Blackberry Creek watershed in Kane County; however, a refined digital elevation model (DEM) was not available for the Kendall County part of the watershed during the study period from 2000 to 2004. Without detailed elevation data, refined watershed boundaries and flood-hazard mapping could not be completed. Also, some cross-section intervals were too large in Kendall County for accurate flood-hazard analysis; therefore, flood-hazard analysis was performed only for the Kane County part of the Blackberry Creek watershed in the study. To gain confidence in the accuracy of estimated flood quantiles from various land uses in the watershed, the USGS used a continuous hydrologic simulation/flood frequency approach. Flood quantiles were estimated along the main stem and six major tributaries (excluding the Aurora Chainof-Lakes tributary) of Blackberry Creek. The estimated flood quantiles were used in the hydraulic model to determine flood stages and floodway encroachment. In 2005, the USGS and KCDEM completed an addendum to the report by Soong and others (2005) that added the Aurora Chain-of-Lakes tributary to the analyses.
Before the Soong and others (2005) study, the U.S. Department of Agriculture, Soil Conservation Service (now the Natural Resources Conservation Service (NRCS)) conducted a watershed-wide flood-hazard analysis to estimate flood quantiles and flood stages along Blackberry Creek (U.S. Department of Agriculture, Soil Conservation Service, 1989). The 1989 USDA study used the TR-20 hydrologic model with U.S Weather Bureau Technical Paper 40 rainstorms (Hershfield, 1961) for estimating peak discharges, and the Soil Conservation Service Water Surface Profile hydraulic model (WSP2, USDA, 1976) for estimating peak stages. Besides identifying the 100-and 500-year flood plains and the floodway, the study also identified developed areas prone to flooding, evaluated the importance of natural storage in the watershed, and suggested alternatives for flood-plain management.
Regional regression equations for Illinois were developed by Soong and others (2004) . The regional regression equation estimates the mean (logarithmic) value of flood quantiles obtained at different watersheds in a region with the same set of explanatory variables. These equations can be applied to the rural streams in the watershed, but could not be applied to the streams in urban areas because the equations were developed based on rural streams. Also, the FEMA guidelines suggest that regional regression equations be used only for preliminary studies.
Approach
The overall approach of this study is similar to that of Soong and others (2005) and is depicted in a flowchart shown in figure 2. The steps followed are listed below.
Observed precipitation and other meteorological 1.
time series were input to a hydrologic model to supply a continuous streamflow time series at the outlet of each subbasin in the watershed. The Hydrological Simulation Program-FORTRAN (HSPF, Bicknell and others, 2000) was used to perform the hydrologic modeling.
Utilizing the flood-peak data-specifically, the 2.
annual maximum series (AMS), determined from the streamflow time series-flood quantiles for the 2-, 5-, 10-, 25-, 50-, 100-, and 500-year floods were estimated at selected locations using floodfrequency analysis procedures. Procedures for the flood-fre quency analysis followed the recommendations described in Bulletin 17B (U.S. Interagency Advisory Committee on Water Data, 1982) . The frequency analysis was completed with the PEAKFQ program (Ver sion 4.1, Thomas and others, 1998).
The HEC-RAS (Hydrological Engineering Cen ter-3.
River Analysis System) hydraulic model (U.S. Army Corps of Engineers, 2002) was used in this study to route the flood-peak discharge and deter mine the flood elevations throughout Blackberry Creek watershed. The 100-and 500-year flood elevations subsequently were used to delineate flood plains for the main stem. Encroachment analysis also was performed in HEC-RAS to deter mine the floodway widths. Using geographic information system (GIS) tech-4.
niques and digital datasets, the resulting flood eleva tions from the hydraulic model were mapped for the 100-and 500-year flood plains and for the floodway. These maps were overlaid on DOQs to determine flood-hazard areas. The FEMA designation for the areas within the 100-year flood plain boundary, areas between the 100-year and 500-year flood plain boundaries, and areas within the 500-year flood plain boundaries are Special Flood Hazard Areas, Areas of Moderate Flood Hazard, and Areas of Minimal Flood Hazard, respectively. These maps are not FEMA-approved flood insurance rate maps (FIRMs) and are subject to revision.
The approach used in this flood-hazard study was unique because flood quantiles were estimated using floodfrequency analysis on simulated flood data and not design storms. This flood-hazard study details the continuoussimulation/flood-frequency approach and explains how the approach is applied in the Blackberry Creek watershed. The success of the contin uous-simulation/flood-frequency approach in this study indicates that this approach could be applied in flood-hazard studies in other watersheds in similar hydrogeo logic settings.
Study Area Description
The Blackberry Creek watershed extends approximately 33 river miles from northeast of the intersection of Illinois Routes 47 and 38 ( fig. 1 ) to the confluence with the Fox River in Kendall County. The climate, topography, physiography, and streamflow are important characteristics in understanding the hydrology and hydraulics of the watershed.
Climate
The climate of northeastern Illinois is humid continental with warm to hot summers and moderate to fairly cold winters. The proximity of the watershed to Lake Michigan (approximately 45 mi) has a moderating effect on climate at the watershed (Federal Emergency Management Agency, 1996) . The long-term average annual precipitation is 37 in. and the long-term average temperature is approximately 49 °F at Aurora (U.S. Department of Commerce, 2001) for 132 and 122 years of data, respectively. Cyclonic and convective storms have caused excessive surface runoff in northern Illinois. The largest streamflow values often are observed from mid-winter to late spring, when ground conditions (soil moisture and vegetation growth) are conducive to minimal infiltration rates and large runoff amounts. Intense, short-duration storms during the summer season have produced major floods in the Blackberry Creek watershed.
Topography and Physiography
The Blackberry Creek watershed is within the Bloomington Ridged Plain (Leighton and others, 1948) . The area is characterized by low, broad morainic ridges with intervening wide stretches of flat or gently undulating ground moraine. The physiographic contrasts between various parts of Illinois result because of the topography of the bedrock surface, extent of the multiple glaciations, differences in glacial morphology, the age of uppermost drift, and other factors (Leighton and others, 1948, p. 18) . Parent soil materials in the Blackberry Creek watershed are loess, glacial till, lacustrine, outwash alluvium, and organic deposits. Illinois Episode and older drift are below the Wisconsin Episode in most places. The glacial deposits range from thin (less than 1 ft thick) near the Fox River to thick (exceeding 100 ft) in the uplands (Leighton and others, 1948, fig. 3 ). Older drift sheets fill and cover irregularities of the bedrock surface. Watershed topography developed from the succession of two or three drift sheets resulting from subsequent glaciations. The topography varies from level and nearly level to rolling with numerous small depres sions and steeper slopes at headwater sections of the main stem and tributaries. The change in relief from the headwaters to the mouth of Blackberry Creek is about 300 ft.
Streamflow Characteristics
Discharge at the USGS streamflow-gaging station at Blackberry Creek near Yorkville (USGS station 05551700, fig. 1 ) was compared to the discharge simulated in the hydrologic model. This gaging station has a drainage area of 65.41 mi 2 , so it drains most of the watershed. The average and range of surface-water flows from the watershed are discussed in terms of the daily mean discharges measured at the Blackberry Creek near Yorkville gaging station. Annual mean of the daily mean discharge is a characteristic of the yearly flow budget from the watershed. Overall, the annual mean of daily mean discharge of the Blackberry Creek watershed ranged from 16. 
Input Data
Data needed for input and use in model development and verification and flood-hazard mapping included stream and flood-plain cross sections, streamflow, soil, land use, meteorologic, and topographic. The coordinate system used in this report is the Illinois State Plane Coordinate System-East Zone HARN (High Accuracy Reference Network), NAD83, and NAVD88 altitude.
Cross Section
The WSP2 hydraulic routing model developed during the U.S. Department of Agriculture, Soil Conservation Service study (1989) simulates hydraulic structures using fewer cross sections (no approach or departure cross sections) than the HEC-RAS program. Review and field verification of the data from 1985 also indicated that bridges had been modified since 1985 and that additional bridges needed to be added in model simulation. Also, the approach and departure cross sections of hydraulic structures were needed in the HEC-RAS models.
Limited surveys were conducted by the USGS and the IDNR-OWR to acquire data for new bridges and culverts, to survey approach and departure cross sections for the hydraulic structures, and to document natural cross sections in the watershed. New natu ral cross-sectional surveys were conducted to fill in the gaps between available surveyed data in the main stem of Blackberry Creek. The cross sections surveyed in 1985 were kept in the model with the coordinates converted from NAD27/NGVD29 to NAD83/NAVD88 using the CORP-SCON program (U.S. Army Corps of Engi neers, 1997); the cross sections surveyed in 1975 were discarded because of uncertainties in georeferencing and because the cross sections were completed using a simplified approach (8-point surveys). The rest of the survey coordinates are referenced to the Illinois State Plane Coordinate System-East Zone HARN, NAD83, and NAVD88 altitude. During the model evaluation stage, additional cross sections were added by interpretation from the DEM.
Streamflow
Streamflow data are available at two locations in the watershed: the USGS streamflow-gaging station Blackberry Creek near Yorkville (station 05551700) located close to the downstream end of the watershed, and the USGS streamflowgaging station Blackberry Creek near Montgomery (station 05551675) located at the Jericho Road bridge crossing in Kane County ( fig. 1 ). The unit-value discharges have been developed for the Yorkville station after September 1989 and for the Montgomery station for the period of record (water years 1998 to 2005). The unit-value discharges were aggregated to form the hourly streamflow time-series data so they could be compared to simulated hourly streamflow with the HSPF model simulation. The peak, daily mean, and unit-value discharge data for the two stations are published in the USGS annual water data report for Illinois (LaTour and others, 2006) . The streamflow data at both stations were used in the calibration and verification of the model parameters in the Soong and others (2005) study, but only data from the Yorkville station are used in this study.
Soil
The NRCS maintains three soil geographic databases: Soil Survey Geographic (SSURGO), the State Soil Geographic (STATSGO), and National Soil Geographic (NATSGO) databases. Among the data bases, the SSURGO database provides the most detailed soil information, whereas the NATSGO database pro vides the least detailed soil information. The SSURGO database for Illinois (U.S. Department of Agriculture, Natural Resources Conservation Service, 1995) was used for assessing soil information for the Kane County part of the Blackberry Creek watershed; the STATSGO database for Illinois (U.S. Department of Agriculture, Natural Resources Conservation Service, 1994) was used for the Kendall County part of the watershed because the SSURGO database was not avail able for Kendall County at the time of this study.
The hydrologic soil groups A, B, C, and D (Doni gian and Davis, 1978, p. 61) were used to classify soils in the watershed. Soil group A has the highest infiltra tion capacity (0.4-1.0 in/h). Soil group B has the second highest infiltration capacity (0.1-0.4 in/h), and soil groups C and D have smaller infiltration capacities of 0.05-0.1 and 0.01-0.05 in/h, respectively (U.S. Environmental Protection Agency, 2000). Soil group A has the lowest runoff potential because of high infiltration capacity and good drainage, with the amount of runoff increasing for B, C, and D. Soil group B is the dominant soil type for the Blackberry Creek watershed ( fig. 3 ). In the hydrologic model, soil groups A and B were simu lated as one soil type and soil groups C and D as another soil type.
Land-Use
The land-use categories used in the hydrologic model were interpreted from the Illinois land-cover database (Luman and others, 1996) . The USGS digitized low-, medium-, and high-density urban areas using the 2004 Kane (Thomas 
Meteorology
Meteorological data, including potential evapotranspiration, precipitation, air temperature, net solar radiation, wind movement, and dewpoint temperature, were input to HSPF for deriving the runoffs. A meteorological database for water years 1949-99 was established during the Soong and others (2005) study. This study extended meteorological data to water year 2003 with data available from the Argonne National Laboratory, including measured air temperature, dewpoint temperature, wind movement, and net solar radiation (LaTour and others, 2006). The potential evapotranspiration was computed externally using the Lamoreux Potential Evapotranspiration (LXPET) program (Lamoreux, 1962; Murphy, 2005) ; snowmelt and snowmelt accumulation were computed with the energy balance approach specified in the HSPF program (Bicknell and others, 2000) .
Precipitation data collected from precipitation gages in the vicinity of the watershed used in the Soong and others (2005) study also were extended to water year 2003. These precipitation gaging stations are shown in table 1 and figure 5. All these stations have a reading accuracy of 0.01 in. and record at hourly or daily intervals. Because flow computations are performed at 1-hour intervals (treated as instantaneous flows), stations with time steps greater than 1 hour were disaggregated to a 1-hour time step by referring to information from nearby stations as outlined in Soong and others (2005) . Precipitation data from Aurora and St. Charles were used in the calibration and verification of the HSPF model (Soong and others, 2005) and for further verification in this study because of their proximity to the Blackberry Creek watershed. The Thiessen method (Chow and oth ers, 1988 ) was used to assign station values to parts of the watershed ( fig. 5 ). Argonne National Laboratory precipitation data were shown to be representative of the region (Soong and others, 2005) and are used for long-term hydrologic simulation in HSPF.
Topography
Topographic features of the watershed were determined with a DEM. The DEM also was used to analyze subbasin delineation and surface slopes and in flood-hazard mapping. Topographic points were provided to Kendall County in 2005 (Gary Lobdell, The Sidwell Company, written commun., 2005) and were determined from aerial photography com- pleted in 2003. The USGS produced a 10-ft by 10-ft DEM using these topographic points (an accuracy statement can be found in appendix A). The refined DEM was used with ArcHydro (Maidment, 2002) to delineate subbasins of the Blackberry Creek watershed and in mapping the flood-hazard areas. The subbasin numbering system used in the study is shown in table 2 and figure 6. Considering the refined Kendall County elevation data, there are differences in the subbasin delineation as compared to Soong and others (2005) . Manual adjustments to the watershed boundary were made to account for present and future developments that alter the natural drainage. Along the western part of the watershed in Kendall County, an existing boundary for the Rob Roy watershed (Jeffrey Freeman, Engineering Enterprises, Inc., written commun., 2005) was matched where discrepancies existed. 
Hydrologic, Hydraulic, and Flood Analyses
Hydrologic analysis was completed using the continuous hydrologic model, HSPF. The simulated streamflow from the hydrologic model was used in a flood frequency analysis to estimate flood quantiles at the outlet of each subbasin in the watershed. The estimated flood quantiles were used as input for the hydraulic model, HEC-RAS. The flood elevations simulated by the hydraulic model were used to map the 100-and 500-year flood plain boundaries. These analyses are described in more detail in the following sections.
Continuous Hydrologic Model
Observed precipitation and other meteorological time series were input to a hydrologic model, HSPF, to provide a continuous-streamflow time series at various locations in the Blackberry Creek watershed. From each stream flow time series, a flood-peak series was determined and used to calculate flood quantiles at that location with the flood-frequency analysis.
HSPF (Bicknell and others, 2000) is public-domain software supported by the USGS and U.S Envi ronmental Protection Agency (USEPA). It is among the most comprehensive continuous-simulation hydrologic models available (Singh, 1995) ; it can be used for evaluating the effects of various land uses on runoff and stormwa ter-management practices. HSPF contains sediment and water-quality modules that could be used in later stud ies to perform water-quality analyses. HSPF also is an accepted hydrologic model by FEMA for use in the National Flood Insur ance Program (NFIP) (Federal Emergency Man agement Agency, 2007) . HSPF was used in this study to simulate continuous water movement through various patterns of land uses in the watershed. In the simulation, various water movements in the hydrologic cycle, including interception, depression and storage, infiltration, interflow, ground water, soil moisture, surface runoff, and evapotranspiration ( fig. 7) were described. Snow accumulation and melt also were simulated.
Simulating the physical processes of the hydrologic cycle in the Blackberry Creek watershed with HSPF involves preparing a user control input (UCI) file. The UCI file describes the conceptualized physical process of water (or other constituents) movement over the land, through the soil ( fig. 7) , and in the channels of the actual watershed so HSPF can simulate the movement.
In an HSPF simulation, computations are performed on land surfaces with spatially averaged land use and/or on channel reach segments. Land with a pervious surface is called a pervious-land segment (symbol PERLND) and land with impervious surface is called an impervi ous-land segment (symbol IMPLND). Further division of PERLND or IMPLND to more descriptive land-use segments can be done based on the model simulation objectives. The PERLNDs and IMPLNDs used in describing the land uses of the Blackberry Creek watershed are given in table 3. As described previously, the land-use categories generally follow the land-cover database categories (Luman and others, 1996) . The USGS digitized low-, medium-, and high-density urban areas using the 2004 Kane and 2003 Kendall aerial maps. A summary of percentages of PERLND and IMPLND for Kendall County subbasins is presented in table 4.
Hydrologic model parameters that are used to simulate the continuous water movement and storage among various physical components in the hydrologic cycle significant to different land-use segments were calibrated and verified in Soong and others (2005) and are used in this study (table 5) ; however, the streamflow simulations have been increased from 49 water years (WY 1950-99) to 54 WY (WY 1950 (WY -2003 based on observed meteorological data from Argonne National Laboratory (LaTour and others, 2006) . For event verifications, the precipitation data from St. Charles and Aurora also have been included for water year 2003.
Aside from the streamflow volumes estimated by the hydrologic analysis, channel storage and roughness characteristics can modify the shape and peaks of outflow hydrographs. To determine a streamflow time series at each subbasin outlet, a routing function (stage, storage volume, and discharge rating) was developed for each subbasin. The rating for the subbasin is developed in the HEC-RAS model by modeling the reach that is within the subbasin. A range of discharges expected in the subbasin are modeled, and the resulting stage and storage volume for each discharge are used in the HSPF routing function.
Kendall County, the City of Montgomery, and the United City of Yorkville all have regulations that include stormwater detention release rates. These regulations were put in place to control large storm run offs as the watershed has become more urbanized. Kendall County and the City of Montgomery have a release rate of 0.10 ft 3 /s-acre of impervious land, whereas the release rate in the United City of Yorkville is 0.15 ft 3 /s-acre of 208, 210, 213, 216, 218, 223, 226, 230, 233, 236, 240, 250, 260, 265, 270, 276, 278, 279, 280, 286, 290 (2005)], and other updated data, storm hydrographs were compared to evaluate the magnitude, timing, and flow duration during different storm events. Flows produced by three selected storms were compared at the Yorkville streamflow-gaging station ( fig. 8) .
In addition to the three storms during the extended simulation period, the performance of the model was verified for the July 1996 storm. This storm was larger than a 500-year return period event and tests the ability of the model to simulate extreme events. The simulated peak discharge (5,280 ft 3 /s on July 18 at 18:00) is within 5 percent of the observed peak discharge (5,510 ft 3 /s on July 18 at 22:00) ( fig. 9) . Results, as shown in figures 8 and 9, indicate that simulated flow volumes, peak discharges, and the magnitude, timing, and duration of flow hydrographs were generally in good agreement with the observed data at the Yorkville streamflow-gaging station.
Flood-Frequency Analysis
Utilizing the AMS determined from simulated streamflow records at various locations in the watershed from the hydrologic model, flood-frequency analysis was used to estimate flood quantiles. The 100-and 500-year floods determined in this analysis were then used in the hydraulic model analysis. Precipitation data from Argonne National Laboratory (LaTour and others, 2006) was determined to be rep resentative for the long-term simulation with the HSPF Blackberry Creek hydrologic model in Soong and others (2005) . Precipitation data from Argonne National Laboratory is also used in this study for long-term hydrologic simulation. The flood quantiles for the subbasins of Blackberry Creek watershed in Kendall County were calculated from the flood-frequency analysis for simulated AMS for the period of water years 1950 to 2003. The estimated 1.25-, 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year flood quantiles for these subbasins are presented in table 6. A comparison of the 10-, 100-, and 500-year flood quantiles at the county border, the USGS Yorkville streamflow-gaging station, and the outlet of the watershed is presented in table 7.
The USDA (1989) and FEMA (2002) studies were based on different land uses and drainage areas, and are included for general reference. The quantiles from the present study and those derived from the annual maximum series at the USGS Yorkville streamflow-gaging station differed by 11 percent for the Q 10 , 4 percent for the Q 100 , and 3 percent for the Q 500 .
Hydraulic Model
The HEC-RAS hydraulic model (U.S. Army Corps of Engineers, 2002) was used in this study to compute the corresponding 100-and 500-year flood elevations with respect to flood quantiles estimated from hydrologic analysis, so that the flood elevations can be used for delineating flood plain boundaries on maps; to compute the reach-wise, depth-surface, and area-volume relations for channel and reservoir routing in HSPF model simulation; and to perform encroachment analysis to determine proper floodway boundaries. HEC-RAS is an accepted computer hydraulic model by FEMA for NFIP usage (Federal Emergency Management Agency, 2003) . Procedures for developing a HEC-RAS model can be found in the HEC-RAS users' manual (U.S. Army Corps of Engineers, 2002) . Steady-state analysis was used in this study to determine the water-surface elevations for flood-hazard analysis. Data needed for a steady-state flow simulation with HEC-RAS include boundary conditions, peak discharges, and flow regimes. Boundary conditions, as known stages or flood discharges, must be specified to start a water-surface computation in a river reach. Stage boundary conditions were specified at the upstream and downstream ends of the Blackberry Creek HEC-RAS model for mixed flow analysis. Normal depth boundary conditions were specified at the uppermost stream cross section. A normal depth boundary condition also was specified at the most downstream cross section with the junction of the Fox River. In HEC-RAS simulation, discharges are specified at cross sections within a subbasin utilizing the generated flood quantiles specified at the outlet of the subbasin.
The ineffective flow areas option of HEC-RAS was used to define areas of cross sections that contained water not actively being conveyed (ineffective flow). Ineffective flow areas are specified at natural cross sections where the floodplain is very wide and where contraction/expansion exists, and at hydraulic structures such as bridges and culverts. At very wide natural cross sections, the locations of ineffective flow area are first identified by inspection of an aerial photograph. Later, the locations are adjusted after inspecting the energy gradient line of HEC-RAS output, and inundation drawn on contour maps. For hydraulic structure sites, an initial estimate for locating ineffective areas at expansion and contraction cross sections was obtained using 1:4 and 1:1 ratios (streamwise distance to lateral cross-section distance), respectively. Similarly, the locations of ineffective flow areas at approaching and departure cross sections are adjusted by inspecting energy gradient lines, channel velocity, and hydraulic output at structures.
To verify the model for the extended simulation [compared to the simulation in Soong and others (2005) ], and other updated data, the Yorkville streamflow-gaging data and data from two crest-stage (CSG) gages were used from WY 2001-03. The results at Galena Road and Bristol Ridge Road bridges and Yorkville station ( fig. 1 ) are presented in table 8. The average difference in observed and simulated flood elevations for the eight readings was 0.38 ft with a standard deviation of 0.24 ft. Possible reasons for discrepancies could be attributed to changes in channel geometry or seasonal vegetation differences that caused different flow resistances. Although adjusting the Manning's roughness coefficients could modify the flood water-surface elevations and improve the comparison, adjustments were not done because the Manning's coefficients were determined based on field reconnaissance and will be used for other flood discharges.
Flood-Hazard Analysis
The estimated flood quantiles were used to establish the flow data for the HEC-RAS hydraulic model for estimating flood stages and for flood plain and floodway analysis. An encroachment analysis was conducted to determine the floodway width using guidelines established by the State of Illinois (Illinois Department of Natural Resources, 2002), which stated that "The regulatory floodway boundaries are determined by hydraulic and hydrologic analyses, which calculate that portion of the flood plain that must be preserved to store and discharge floodwaters without causing damaging or potentially damaging increases in flood stage and flood velocities or loss of flood storage which would result singularly or cumulatively in more than a 0.1 ft increase in flood stage or a 10 percent increase in velocity." For floodway analysis, "In general, the final encroachments should have a consistent and smooth transition from one cross section to the next" (U.S. Army Corps of Engineers, 2002) . A plan view of the floodway encroachments was used to determine if the encroachments transitioned smoothly or if they were erratic. Ineffective flow areas (defined in the Hydraulic Model section) can be a cause of erratic encroachment transitions. The erratic encroachments were further refined and the model was re-run to make sure encroachment guidelines were met. At bridge locations, natural cross sections upstream and downstream were used to make sure to make sure that the floodway at the contraction and expansion of the bridge was reasonable. The resulting flood elevations from the hydraulic model were mapped for the 100-and 500-year flood plains and for the 100-year floodway. Boundaries of the flood plains and floodway are presented in figure 10 . These maps are not FEMA-approved Flood Insurance Rate Maps, and are subject to revision.
The 100-and 500-year flood plains covered 3,699 and 3,762 acres of land, respectively (table 9). More than 40 percent of the land in the flood plains was used for cropland. Approximately 33 percent of the 100-year flood plain and 34 percent of the 500-year flood plain were classified as residential. Although many acres of residential land were included in the flood plain, this land mostly was residential lawns with 25 homes within the 100-year flood plain and 41 homes within the 500-year flood plain in the 2003 aerial photograph.
The 100-year flood magnitude, selected hydraulic characteristics, and encroachment analysis at each cross section has been compiled from the hydraulic model analysis. The results are presented in table 10.
Summary
The Blackberry Creek watershed in Kane and Kendall Counties, Illinois, has undergone rapid urbanization in recent decades. The population and urbanized lands in the watershed are projected to double from the 1990 condition by the year 2020. Flood-induced damage has occurred more frequently in recent years in urban areas of the watershed, and there are concerns about the effect of urbanization on flood peaks and volumes and potential effects on the water quality and stream habitats.
To address some of the issues listed above, the U.S. Geological Survey (USGS), in cooperation with the United City of Yorkville, Kendall County, the Village of Montgomery, Illinois Department of Natural Resources, Office of Water Resources, and Federal Emergency Management Agency, conducted a flood-hazard study of the Blackberry Creek watershed during 2004-05. This report describes the data collected to refine the hydrologic and hydraulic models from those used in the Soong and others (2005) study of the Kane County part of the Blackberry Creek watershed and extension of the flood-frequency analysis through water year 2003, and presents a map of the 100-and 500-year flood plains and 100-year floodway. The USGS is using a continuous hydrologic simulation/flood frequency approach to generate the flood quantiles used in the hydraulic model. This study demonstrates the successful application of this approach with the goal of promoting the use of this advanced technique for flood-hazard studies in other watersheds.
The hydrologic model, Hydrologic Simulation Program-FORTRAN (HSPF), was used in this study to simulate continuous water movement through various land uses in the watershed. The hydrologic model was developed from a 2003 digital elevation model, and from soil and land-use data. Observed precipitation and other meteorologic time series were input to the hydrologic model to supply a continuous streamflow time series at various locations in the watershed. Results indicate that simulated flow volumes, peak discharges, and flow hydrographs are generally in good agreement with the observed data. The capability of the hydrologic model to simulate an extreme flood was verified with the July 17-18, 1996, flood event.
Flood-frequency analysis was applied to an annual maximum series to determine flood quantiles in subbasins for flood-hazard analysis. The simulated annual maximum series was determined from the long-term streamflow series (water years 1950-2003) continuously simulated with the HSPF model. Simulated flood quantiles were compared to observed flood quantiles at the USGS streamflow-gaging station near Yorkville. The simulated flood quantiles at locations inside the watershed other than the Yorkville streamflow-gaging station were compared to those determined in a US Department of Agriculture (1989) study and using the USGS regional flood-frequency equations. These comparisons confirmed that the flood quantiles estimated as part of the present study are reasonable. The 100-and 500-year flood discharges were then used in the hydraulic model.
The HEC-RAS hydraulic model was used to determine the 100-and 500-year flood elevations throughout Blackberry Creek watershed. Encroachment analysis also was performed using HEC-RAS to determine the floodway. The model was calibrated and verified using two crest-stage gages and the U.S. Geological Survey Yorkville streamflow-gaging station. The average difference in observed and simulated flood elevations for the eight readings was 0.38 ft with a standard deviation of 0.24 ft. Using geographic information system techniques, the flood elevations from the hydraulic model were digitally mapped for the 100-and 500-year flood plains and the 100-year floodway.
Results indicate that the 100-year and 500-year flood plains cover approximately 3,699 and 3,762 acres of land, respectively. Based on the 2003 land-cover data, most of the land in the flood plains was cropland and residential land. Although many acres of residential land were included in the flood plain, this land mostly was residential lawns with 25 homes within the 100-year flood plain, and 41 homes within the 500-year flood plain in the 2003 aerial photograph. 
